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Abstract: Cardiovascular disease (CVD) is a major contributor to patient deaths worldwide, and its
pathogenesis is complex and mortality rates are increasing every year. Numerous researches have shown that the
gut microbiota and its metabolites were closely associated with the development of CVD, and gut microbiota was
expected to be a potential new target for the treatment of CVD. Traditional Chinese medicine (TCM), characterized
by its multi-component, multi-target and integrity, can play a therapeutic role in CVD by regulating the gut
microbiota, which has obvious advantages in stabilizing the disease, improving heart function and enhancing
quality of life, and is an ideal intestinal microecological regulator. Therefore, this review will mainly discuss the
intimate association of gut microbiota and its metabolites with CVD, and the therapeutic strategies of TCM
targeting gut microbiota to improve CVD, including regulating the composition of gut microbiota, protecting the
intestinal mucosal barrier, influencing the intestinal immune function and modulating the metabolites of gut
microbiota, in order to provide a reference for the research of TCM targeting gut microbiota for CVD.
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TR E N F 2R AR R, O L R (cardio-
vascular disease, CVD) i H zi i #, CVD ZET: (5 %
ZERREITIRFE M E Y. BT, CVD Bl R & H
25400, 45 I AE 5 5K ER R B A R R L I R R R AR
FEPUA AT 259 B 32 A4 BELIBT 771 L 45 B 1 45 P57 A
FI R )&, AT AEAS AR BE (AN R i iy 38 v
FA TS G % R 18 B b S B AR AR AR A
ife, 5 CVD Z AR VIR R . B FT s, gl
DA [ i 18 1 B, (2 ik CVD BB 3 1 A o i (1 AR K I F
i) B0 B ) BT R VR IT AR A, IR R AR B R
SR B g B R, R T 25RTT CVD AR AL,
BRI 7T H N 2 B CVDYRIT 25 . A 70 8%
XI5 498 T CVD I i 38 T B AIF 50 A0 24 88 1) figp 18
B BT CVD B SCRR AT RSS2, T EL T 3477
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Figure 1 Mechanism of action of traditional Chinese medicine

targets gut microbiota for cardiovascular diseases. TMAO:
Trimethylamine-N-oxide; SCFAs: Short chain fatty acids; GPCR:
G protein coupled receptors; LPS: Lipopolysaccharide; TJ: Tight

junction
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CVD L4 3 Jik 35 £ 1 4k, (atherosclerosis, AS). &
0 WUAEZE (acute myocardial infarction, AMI). 0> 7] %
¥ (heart failure, HF) i L i R0 Co {3 2% 5 55, R0 %6

FIFET: HIZ N, 72 FRVEE N IE K T B RIE 5
g RE SRS, 1 A I S I T 7E CVD e B
J& R SR, O WL A 22 15 T i 3 B A AR U A
JY T8 e R A IR, T 5 3540 R 2 67, 3K e Ak e it Sk il
Tk AR o L B 2 AT RN R e B B O LR A —
FRCIE DL, A R o T8 T A 1 2H A 0 A2 e, B
JEEE B ] Firmicutes $L4F 1% '] Bacteroidetes 42 2 14 ]
Proteobacteria 1 i £ B |'] Actinobacteria 21 i%; 17 i&
FEH R AR E X T 4E R i A S Pl B O 2, —
FUIR Tt~ 17 49 A R, ANAN 2 388 0 17 368 2 95 1 9 IR,
W25 CVD kAT, ARG TS RAEAR
[ 25 A CVD 5 3% i 18 B A 4 BRI AR 6 3 B2 AR 4k 1)
G
1.1 AS  AS & — Mgt 58 hE M, FLRFE & BE 7
FVEF 4L W) 5 AE B0 Ik P9 I8 )2 HE AR 350 A B A 3 1
AN, (R AS B, SO H A IR & Klebsiella 41 T4
HIA N 3 B 5 2 /=, FLBR AT % 8 Lactobacillus % i
X & J& Roseburia % 75 IK IS B J& Prevotella F1 XU B F
W J& Bifidobacterium AT 1A X = FE 5 2 FRAIC, 785
& 18 14 0> 77 3235 (chronic heart failure, CHF) #7&
o B R R FEAEAE R AR ARSI T A1 IR
JaB 2 R 1| AR 48 B 28 W R G R | R B U e L I
I ¢ JU 35 AR ITILRE (19 2% 10 203 B LR AT B 48
W ST RE 77 A %0 BE R 5 BR (short chain fatty acids,
SCFAs) (1A #i B, ‘& rl 1 17 5 CVD XU AH 9¢ 1 i i
PR S FLAR 7 W, e o 400 1) 9 Do A >k B ALK i 1 e
I VE, P 9 AL S, AT T AR 9T C VDY,
% 17 BT J& 4 T B2 SCFAs (BRIl T R) P74, B
S 25 7 20 0 S e R AP KRR VE, BRIR Y 17 e
O R AR IR P IR IR R TR 4 A ] R 2 pE
“ SCFAs MTfii LB CVDP o BT B Ja8 48 1 ] 3 ik
7= HE SCFAs FR 9 AH S A0 IR F-SR ek 2 48 0 e B2 Y
1.2 AMI  AMIZ i1 T 56 IR 3 Jik 2t P 2 A i i o
W, T B0 LA P R 22 B o i 28 51 0 LR FER
1E AMI &35 HF B ERJE 1 J8 Megasphaera R 9N 1H &
Desulfovibrio #H B (1) A % 3= FE W 35 Tt &, B 48 B #}
Lachnospiraceae~ BT 1 J& Eubacterium i 1 [ A5 X} F=
5 2 BRI, 75 ASCHF iy I A1 7 o 1 25 R A
7 AE b AR AU E RO R Al e e] e AR
SCFAs. 2 A5 22 Fl1 75 Sk R 45 J BEAR 7= 4, W 1 &
g JE = AR A s R TR I T iR A B A 1 A i B
W BEH )X JE B R A (tight junction proteins) A3
1K, MR b R BE R, 55 AORE DR 1 AR O R B E R 4H
J 58 i FNEE 0T 0B B R AN bR = B AR S AN AN T
PR I T TG 38, 5 CVD f& [ A 3 52 40 AH 96,
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Table 1 Changes in the composition and abundance of gut microbiota in different types of cardiovascular diseases
Cardiovascular . Change in the relative abundance of gut microbiota
X Research subject - Ref.
disease Increase Reduction
Atherosclerosis 218 individuals with Escherichia coli, Klebsiella spp., Enterobacter Bacteroides spp., Prevotella copri, Alistipes shahii, [8]
atherosclerotic aerogenes, Ruminococcus gnavus, Eggerthella Roseburia intestinalis, Faecalibacterium cf. prausnitzii
cardiovascular disease lenta, Streptococcus spp., Lactobacillus sativarius,
Solobacterium moorei, Atopobium parvulum
Male C57/BL6 Faecalibaculum, Oscillibacter, Eubacterium_ Muribaculaceae, Lactobacillus, Ileibacterium, [9]
apolipoprotein E- coprostanoligenes_group, Blautia Bifidobacterium
deficient mice
Male New Zealand white Akkermansia, Islandicum, Desulfovibrio Succinispira mobilis, Alipipes, Indistinctus, [10]
rabbits Campylobacter, Odoribacter, Subantarcticus
Acute 30 acute myocardial Megasphaera, Butyricimonas, Acidaminococcus, Tyzzerella 3, Dialister, [ Eubacterium) ventriosum [11]
myocardial infarction patients Desulfovibrio group, Pseudobutyrivibrio, Lachnospiraceae ND3007
infarction group
Heart failure 53 chronic heart failure ~ Ruminococcus, Acinetobacter, Veillonella Alistipes, Faecalibacterium, Oscillibacter [12]

patients
Male BALB/C mice
Escherichia-Shigella

29 chronic heart failure  Enterococcaceae, Enterococcus
patients
Hypertension 2 372 hypertension

patients

Coronary heart 42 stable coronary artery Ralstonia, Enterococcus, Megasphaera

disease disease patients
70 patients with coronary Escherichia-Shigella, Enterococcus
artery disease

Atrial 34 atrial fibrillation Enterobacter

fibrillation patients

Bilophila, Enterococcus, Erysipelatoclostridium,

Megasphaera, Escherichia_Shigella, Klebsiella

Roseburia, Lactobacillus, Lachnospiraceae_UCG-006, [13]
Prevotellaceae UCG-001, Ruminococcaceae UCG-

014, Erysipelotrichaceae, Mollicutes RF39,
Candidatus_Saccharimonas

Ruminococcaceae UCG-004, Ruminococcaceae UCG- [14]
002, Lachnospiraceae FCS020 group, Dialister
Bifidobacterium, Faecalibacterium, Roseburia, [15]
Ruminococcus

Paraprevotella, Barnesiella, Phascolarctobacterium, [16]

Faecalibacterium, Clostridium, Lachnospira

Faecalibacterium, Roseburia, Subdoligranulum, [17]
Eubacterium rectale

Parabacteroides, Lachnoclostridium, Streptococcus, [18]
Alistipes

FLT B 8 4 B AN R 7 42 SCFAS, i R LG I [ B K
P, W BT R (bile acids, BAs) £, {2 i i 8 AT
JUEfEEE, I B A CVD R

1.3 HF  HF J2 i 0I5 M D 5 B A T8 12086 A2 LA
R — M EAR AL, R V2 CVD K4 KB
B, CHF /& 5 JLIW HF 2850 . £ CHF ¥ Rizh )
Wb B ER B & Enterococcus 91T AR A7 G- E 5T I
Escherichia-Shigella ¥ A0 X 3= 5 05 5 T &7, Wl 28 4F
J& Faecalibacterium FJ8 B BR & £} Ruminococcaceae
S TR PR A 0T S R B R PR, AE AS ey I s AR G AR
FHp R FEARAE LR A0 w s K B, i 2 b
(lipopolysaccharide, LPS) 7K - Jt &1 /& AS & A= K f& 11
R A R ER P T IR A K- R B IR ) 8 G B
LPS 7K~V Ft iy, A 8 3853 v 3G, wT fg S ELPS &)
LR, 98 8 K LA 1R A2 SCFASs 7= A2 11, 1] o 38 4K ¢
P PR 2 2R IR AN 1 B A R T 5 1 S AR R 2REDY . K
2 0 BR TR JE A0 B 2 L AR T, (B BB B AR R SR A
B, W3R ER T Enterococcus faecalis F1 JR 7 BR
Enterococcus faecium, T 5| & R #% 18 5L A4 i P g s sk
G VUCIILAE |0 PN B 28 F0 VS 504 . A8 AT 181 T8 4 1 X
A W SEAT TR AL R, 2 — M T IR AR T, 2 i g
SR AAR BT TR AT LA b BB 4T A i R

TP AR, S AR A R BN 28 E , IR IR IR SRR T
(tumour necrosis factor a, TNF-a) 75 5 ) 5Lz 41 il 5 A
S A L PR R B L

14 HMOmMERR SRR, ©FEE)EE T
FF1 I8 Enterobacter 1T HRH X =F B 32 25 T sy, 55 B A
J& Alistipes 41 B [P A X 3 8 2 35 PG, IX 484840 5 AS
BH U AT B R AR T 5] 2 Ml PR G,
A, B 9 LI 7 1 0 IR T 0 O i P IR R ST
HEOE RS CVD HARAM R, HF L KB E SCFAs
AR BEAIRES o A8 SE 5 BT N 1 40 ff T R P 2 o0
I & B R . SCFAs AT # i) 48 i A -, 41 LPS.
TNF-a. 403/ 2 (interleukin, IL)-6.IL-8 [/ 4, it
RE A2 HE BT K K1 IL-10 (&A™, AN CVD & 3
T8 B B AR AL #AFE 7E SCFAs 72 A B 3 FE BRI T I 4
X I 7R SCFAs £E CVD H G 7 11 BL4h, CVD
B B 3B P R BE B TR H0R BT A R L
(Firmicutes/Bacteroidetes, F/B) & 2E T 484k . JEEEE
I TAAOURT B 1T 4 B RT I8 I T R A 4 4 77 2E SCFAS,
MR T 1 A 23 s 4 i 2 3K 1) G AR LB R 24K (G
protein coupled receptors, GPCRs) K521 15 AL #Hf1*,
W B, o0 5 B 1 45 82 6 () 15 i 2 8 35 LA OK,
Fra it O sl 124 AR/ T 1240 H B E W
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T8 TR B 2R R A VR 2 L R A, I LR R 2R U B R At
ENF [ 1) eE K T 0 2, a1 T A 22 R T v i B e AT
O A f B RO T B R AR X SRR 2 DA
B, i W B AU S 5 CVD 1R e, 75500 1 R 4%
W7 T R A AR A I I DA A B T TR AR 9T .
2 BEEFHKH~AS O MERR KK

o 3 T B AT DA e E AR N R A &, R A
— RIS HUAR 26 80H F AR =9, WA = %
(trimethylamine-N-oxide, TMAO).BAs.SCFAs. 7k £ B
B &AW f (phenylacetylglutamine, PAGIn). 8 % 2 A1 1)
WRATAEWIRE, EAE CVD MR VR iZ B iR g7
L AR,
2.1 RBGTER FRNE A 0 JE [ B R G B R T R,
B BOE AR A R, IE B To-F2 A0S (CYPTATL) f
AR IR R ARG 25 S IR R v & Mg A, 22 R [ 9 2752
1Ll (CYP27AT) AL AL G 22 SRR N B ik 42, 4
N B a3k N T8 IS 5 o T TR R A D IR R IR IR
BAs A 38 13 WOE A [ 1) BAs 52 48 K 5210 G 0% D e A AE
F AT, 56k B B X 3 1K (farnesoid X receptor,
FXR). G & M & Bt %2 1& 5 (TGRS). %% kit X % &
(pregnane X receptor, PXR) Ml 4k 4= 25 D 52 4K (vitamin
D receptor, VDR)™, 7% BAs [f]#% % 1A FXR fi& BH
e H Y = 8 AR AR A v % R N A i R ] ) s, B
1B AS R AZ I A FXR B8 ol g iy 25 23k 5 11 1]
F& )5 T 41 ffi (mesenchymal stromal cells, MSC) HJ A7 i
2, JFHE PR MSC 55 73 WA I 8 AR R, AT 3 15 MSC X ik
AP O JE A5 095 1) LR A Y. TGRS /2 BAs i 52 4,
AT WUFESE (myocardial infarction, MI) S5 /0 JJiE P
CD4 T 41 H Ty 58 S 40 B V.3 Th1 A1 Treg 1) ZE £, X0
WA R4 4 FE . TGRS IS8 AKT/GSK-3815 5
B, PR O LR I/ FF #E VE (ischemia/reperfusion, I/R)
1497 15 5 1R 2 60 A4 Ty e st A R 40 JRL IR T DA B R
B4k, VDR RJAE Ay — P s 1 O T R A7 52 44, 720 UL
/R J& 2235 R, 01 20 Mo 9 T2 0 B W D) B B A A 5 1
YT
2.2 SCFAs SCFAs AUAE A [ b 5 40 i (8 5= 4
JRN g IR, 3B T IS GPCRs M 4 7R 1 2= 2 Wk
1L (histone deacetylase, HDAC), F. 45 A5 . F0 5%
FJREEAEHPY . BEFCR M, P97 IR B G Z I B 4F 4
FIEE A, 3B SCFASs 17 /EFl GPCR43/109A 15 514 &
W, 5y s Rk RS TR R T O R R 52 Ak 78
(olfactory receptor 78, Olfr78) F1 GPCR41 [#{K Ifi &, 7T
PRANG I ET 5K, 76/ B A 72 AR S B R R R
I 4 % 3K % 11 (angiotensin 11, Angll) ¢ i# i CAV-1/
ACE2 il 0 JLU/R 4534, 10 P4 % 7T 38 i GPCR41 1)

il AngIl 7K ¥ F+ i, 22 fif O WL VR 455 I BRIE
AT 00 A7 38 v TL-10 A1 Treg 40 1 (1 7K 7 I 00 1) AL [ A
B 18 B I ARk R A 2 i 6 RE [ B RR A, A TR
ASPY, T ERENAE I HDACS A HDACS 35 1 DL Az
COX2/PGE2 {55 5 B % M BT, B £ #% Angll 75 T 1)
D JLAE KB, T2 7] 3@ i PPARS/miR-181b 15 5 i
IR0 P R 4 i - NADPH 44k 2 (NADPH oxidase 2,
NOX2) [JZRIEFI ROS (17742, WM P 1 T e A7
B ASPS . TR A R I i i W A L M2 A Ak SR
NE SR N FNAZ A £ F R, AN TAT 0 ML 10 JUE 2
RE, TRBT = MO E T, BeAh, AR T ER b 78 7 BE IR
/b M TR RS, Y8025 200 PR 0 T2 SR v S8R 8 e, 3 3 i i
HH1 22 (] 4% 2 3% O UL /R 53455

2.3 TMAO TMAO = ZERYE T4 A 4 H 5l g
B BB PR RN B SRR, 1% L) A g P i
B BEACH v = H % (trimethylamine, TMA), 28 ] & fik
W AT 3 N LY B I, 49 I w11 5 3 3R 5 0 AU 3
(flavin-containing monooxygenase 3, FMO3) #% 1k
TMAO™ . W73 B, i id I & #h 78 TMAO 2 it 5
AS FH R 11 22 i [5G 441 B 375 T 9% 52 4 U R VR A 40 e
ITER . TMAO Il /KP4 n 2 5 3 k2 08
T vE, 33k /KB 18 & [ 2 (aquaporin-2, AQP-2) [{1& ik,
AT 51 62 BE 22 (7K A B IR T 5 5 s IR Y. TMAO
AT AR o JIU RS 24 4 PR %) 89 5 3 % AR D B T 1 40
W, 38 I IS NLRP3 98 i /N R4 A B2, n 2 /) R
LR 4E4L . TMAO W] 38 il AS B 5k Py [ I3 41 A 11
TR A AR Rk 2E R T () R IA, 18 1d MAPK/INK
55 IE g R E AR FE IR R 15 3 CD36 R IA
VLR 41 TR B T ik 4 2 BRI TMAO R B 7T {2
T B A A M2 AR A AR ZR AR, b 305 AS B K
/NI 1 SR BE B RS E MECY . TMAO B i 5 CVD 4
5% ] miR-30c-5p Fl miR-21-5p [k, F52m H L [A
#UEL R PER2 3R 1A, AT 32F 48 i A0 AS (1 % e,
AN, TMAO #] il it Beclin 115 5 38 B% B W 5 Wi, A
T ) oL A Py e 3 AT

24 HMBERBNRE 1 PAGIn 27 1E W # A
W=z —, HE IR IR R &8 = A, i
GPCRs, 45 a2A.a2B 1 p2-15 LI & G 216N S 40
Ji I 7, A 3k o /N A R B AN I AR T 7. PAGIn RE K
7% TLR4/AKT/mTOR {55 5 38 5, i 1 98 i A0 UL £F 4
b, M S I HF 7N 52 PR O 2 0 1) 5 IS, (i 34
PAGIn 7K ¥ 5 HF [ ™ 5 f%2 B $5 0% U1 AH ¢, PAGIn 1]
e 3k HF AH 5 59 3 AL, AL 550 L2 i L35 VA0 4 ik 20 A
B B R B IE (BNP) 2 B ) & 1A, 28R R
(branched chain amino acids, BCAAs) 4§ 7 & & « 7+
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ST R AN AR L, S 0o W AR AT s FE A3 R AR 1 — dH
AR, BCAAs 7]l ik GCN2/ATF6 {5 5 1@ #% i1
Bl g R i 4R Ak B P, 00 LR /R 35405 1 5 46 1
. BCAAs £ MI J& 1 il il 1 O i Ao FE AR R, 3@
it mTORC1/DUX4/KDMAJE i {f MSC - ZE FIFET, M
T 1) e e L A4 o JUE 25 4 PR DR AP (LR R A AT
M| W 225 4] P B TR, T 90 R L LS| R AT AE M 5 A R
I A 2 T AFAE IE AR DR, i R e W I e B EL AR 3R
PR E AR Y < —, HAR s R REFMEAAEA S
CVD FeH I JE 1) R B A SR, it B Ml P e ]
8IS ITGAI/ERK A5 5 188 B g i N JF & ik~ i UL 4 fitw
(1) % B 386 5 AN IE B2, T 5 5 0 T g RS,
b, T R NG| W i 7] 3 3 AHR/NF-,B 15 5 38 B 38005 /0 ik
NLRP3 %S /IMAE, FF B 2 0 55 B 7, 75 A0 Ik 4F
YAl RO I AR I ELAR %5 22 0 = T RED
3 S EGEER AT O ME KRR

Hh 2 B EMURE (1 T AR SRR, HORIE R AR, FERIME
H/NH 2ol T, B 200 ME 5SS . &
24 1 IR 5 12 1 e Wi, A DURIEIRITE - A
TFIAIEE R BT . 2R 27 FT R, W2 E] LU A g
T B R R AR =1, Wk 2 1 A I 2 R, AR
B BE s, 1 5 i 36 G % TR, AT R HE IR CVD 1)
EH .
31 AEFEEFHER TR i
FEOIULRR, (23 o B 1 A K, RIEHT CVD G TT
PEFH . g B 2 XLIX ] 2 2 340 F/B EAd, it
PR 4R 1 J& Clostridioides 1 i 9 & £t Desulfovi-
brionaceae 4N B AR X =F B R A TMA 7= 48, 36 0 3%
M 8 2T IR @ BT B8 FL IR AT B e A
TR IR T J A B A R T B OR AR E TR AR, IR
APOE™" /)N B3 99 N FF Al S A BRI o 75 4O il TS A
Hr e B R 05 2R AT B R Turicibacter F1 % 17 IC T & 41

B, 0 AR R 2 ] AR, S T RR W AR,
MBS 3% APOE™ /)N B, ) I G S5 46 R0 9 RE e B N
Z: WA Re WK B T8 01 B AL R 1 A, BEAIR S
JOEL ] R el = R A S K AR 20 R K
(TNF-a. IL-6 1 IL-1p), i 4 Ik 52 APOE™ /)N iR 3 3l ik
T3 A2 I i 35 LR 4x B ROGEP. 223 K AT S 3
Unspecific §24_7 ¥ 3 v = 1# )& Akkermansia 41 ¥ #8
X B, AT P SR B A AT TMAO 5 3, 98/ AS B
HR N, I B AT i MR AR 280 e 920

32 IRIPAAFAFREREPE ) 50 BT B 2 HCAE s I A 4
22 B 2, w ORI A IR RR A, B b A 5 4
HEN LG AR “ P i A8 BN A, BT i B K i A
HF 18] fizy & 5 e B )y B 32 491 4 5 B0 408 3053 L 15,
20 R N 25 2 5 1o, TN HF @)K ™. Jiz b R 4
¥ 1) P % S e J UM S M AR M N R AR,
5 occludin claudins . zonula occludens (ZO)- tricellulin.
cingulin. junctional adhesion molecules, A 4E 7 iy % 5
B B I S BV R M SR ], A R A
FECREPUR 5 1 B Y i A 55 ik AT, ko
IIEE JEE B S, /N B AT 25 1 00 S T 2 A R 4 B
HIA 3 B, FE 0 occludin 1 ZO-1 F 3R 18 K 45 W &
TRZ R, T8 APOE™ /)N 8 4= 5 9 i F v L[]
B ILAE, 14 00 iz 18 e 5 50 BEMESY . 22 2 mad i 1
ZO-1 i claudin-1 [ 31K K 2035 i 215 Bt B Th g, AT
98/ LPS Gy 7, B kA% AS IR 28R o ik BhE 2
CVD M EZ fE i N &, &2 5184 5 RE, i
SE ] AS BEHL A% AL A FeoE T 2R, 35T 51 2 o 24 v B
AMI®™. BF5E IR, KB B AR AT S 2 1N B R R
H (ZO-1.occludin F1 claudin-5) 1A, o438 k50 K
B 19 i 2 S BE B B A, K B 2 AT i i VDR/Nrf2/
HO-1 15 5 10 I Jak 4% 28 E A AR AL N, PR R B39 /D B
14 Ji 6 M e B

Table 2 Research on the regulation of gut microbiota by traditional Chinese medicine for cardiovascular diseases. TCM: Traditional

Chinese medicine; TMA: Trimethylamine; BA: Bile acid; AS: Atherosclerosis

TCM ingredient/ Effect on gut microbiota

prescription Promote Reduce

Effect on metabolites of

K X Therapeutic effect Ref.
gut microbiota

Gypenoside XLIX FEubacterium, Roseburia, Clostridioides,
Bifidobacterium,
Lactobacillus, Prevotella

Qing-Xin-Jie-Yu

Granule

Alistipes, Rikenella,
Blautia

Turicibacter, Roseburia

Dendrobium officinale Lachnospiraceae NK4A136_g Blautia
polysaccharide roup, Lactobacillus,
NK4A214 _group
Lycium barbarum Gordonibacter, -
polysaccharide Parabacteroides, Anaerostipes
Polygonatum sibiricum Streptococcus species Desulfobacter and
Desulfovibrio

species

Red. superfine powder

tryptophan metabolites

Inhibited TMA production and Reduced dyslipidemia, atherosclerotic [77]
Desulfovibrionaceae promoted SCFAs production

plaque, and inflammation

Regulation of BA metabolism Reduced weight, alleviated dyslipidemia, [78]

improved AS and inflammation

Increased the levels of SCFAs Lowered blood pressure, enhanced [79]

intestinal barrier, improved vascular
endothelial function

Increased indole derivatives of Decreased intestinal permeability and [80]

reduced myocardial damage

Increased the levels of SCFAs Enhanced intestinal barrier integrity, [81]

improved vascular endothelial function,
and lowered blood pressure
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33 EOFERENGRE WMERZERFEENHE
IR L4 ZH (gut associated lymphoid tissue, GALT).
gy Wb B 4 g BR B A A (secreted immunoglobulin A,
SIgA) 1 4 % 41 i 21 Y. A A N AR B3 K 4 0 2%
B, GALT e 5 R A Sk S5, A2 32k 248 e DRl - e
A IR 7= AR SRl 1R G 0 S Y. STg A AT LA 8 2k v
)53, 7 120 R B PR E A R L, OR3P 1738 5 52 41k
PG IR, 8 S 0 S 1) e ROV SIgA K i
1 iy 8 o L R RS RSP RO E .
T B AR O T 2 T B0 A By B s N () 0 1 5, STgA AT
P09 RE N, R Y T R AL R, R LA S Sz A Y
g S B, HE4EFRE I iE RS0, R R, AS B
A 3E I T i T R R A e 3 APOET /N R 3 Bl K
BMEEEME G REY. A\SRBETEEESZHE
R E FH AT GALT & 45 %% i 15 4E F, 9F Hoas o i
A T AR 470 ]t 4 5L 440 B S A LA, DA R RN i v
CD4 T 41 HaF1 SIgA I TE 5K 2% fift i 1 e 9% XL, TE
W A 2 22 oy M 5 SR B, BT AT DAV & i T B
FELH AR, I H o8 5 f % AR ) B 38 B Fe R 47 4 AR
5B 2 Rl 2 AT AU 0, Rk, NS R A A RE A
ik VA T i T TR AR, (R 2E SIgA TR R, AT i
CVD H 3 1 78 R Thae . 15 O R AR FURL B il 1L 1
W i B R RS [ BAs AR HR 1R, B0 APOE™ /NI
I i 5 8 AN ORE S NS, BF TR, BAs B DLl I AS
[F) P17 52 4 R 41 LA 5 368 2 oF 1 2 45 1% T bk XL 400 B 4
k., 7T TH17 F1 Treg 4H B A (1) LG 5] R 4 ¢ 1 3 e 9%
RGN, ST, I O R AR URL T B 2 8 i Y i
B B A BAs AR R R 15 18 % AT A, I & I8 B
ZARASHIHM .

34 PEFERMKHE~Y B, hAZESRIE
B B (A ELAE AR BT 2 090 . 28 ml i v g
B A R AR AT e AN 20 S Y. N REER4
2 R (1) 1t e DAY 22 W o AR, (845 1 R i 4 TR e s
LR Al ] LA AR USCAN ) F (¥) SCFAS™ . gk e
1 fisk 22 b ] 38 L S i 8 SCFAs-GPCR43/41 i i, 1f
R S M o T B R G L DR M £
B AT AR TMAO 1 L2 9 B, 39 Im 2 55 M1 0 15 Ji
NG IA ARG 8 42 A A DA R 2 5 IR 1 AT AR 4 1R 7K
ST, R AR 1 38 5 M AR E Rl 7K ST, DTG 50 = IR A
BMEFENR AL O EThRE™ . FOR AR i 2 R
43 ] 18I0 45 iz 1) SCFASs, B35 i3 Bt B ) R, 5 25 Uk
/I LPS 5 iz, F-4M#] TLR4/MyD88 15 5 i B 1 BT, Ik
b A PR AR R IURE DR L AR 4E A E
FURRAE A2 10 i /KT T R, A& CVD (17 B R R 38 5
N ES ES IEoE Ea BLbun =1 7BCR: Fiid

A4k, 360 38 o SCFAs 77 A8 JF s Al = i, A
T AR 3 P I AR 3 TR B A R . PR 2 AN, 2
BF% T]JE O 9B i T B R ) TMAO 16 B, 80
APOE™" /N 6, 11975 2% T ARV, /N BE iy ] 3 3f 410 i) iy i
Hh IR, = P fi 2 A Bl P B 3 R I R IR VE T, E R
ik TMAO & 1, I 23697 AS I H 11,
4 REERZE

W 55 ) 5 A R0 R B R (R e, i AR A
IR TR B T ERMEED . ORI Z O 7T R,
B AV ATE E R 2 (RIS ) T HUE DA
Ko R H AT -1 A Y EE R ELAE P I B A R
FRIRN, 588 23 ik = 06 K 22 50 i 8 o AR 7= 2
RE B AR o o {A] 5 0 4 T b B A0 B A A 0 AL -1 =
AR AR LA P WL 82 B RS 2 06 B R, X
B A7 BT 7 AR (97 B A LA AN 259 T TRL A,
NFE R HT R TT J7 1R 254 B4 58 H

TEPIREE N HLAR A 25 R GE 0 a] S 384y, ik
WA 5 M) JE R 5 M 3 3 A7 ) A 25 M TR, 38 B DAz Ak
FRBE AL 2 A (n <0 U BT E R G245, B e
MBS ANRE TR E F@EMNXERRZ
=[085 A A TR AR R R i R b PR 85 S o f]
IR A VDR VR UL RO AR AT AR AR I E LA AR S
ARG T BE IR 2 IR A BN, 3 R 4 4 2
ARG IR 48 s U AE A P R N, O T R I A
AT AR I ThREVE - I B R 2 — . R4
ST ATE A BRI R, &EEIEAYRE, R
T ok 5 A ) R G A SR I I N 2 B e R B
BTG BT /N TARUE ) (— Mo 7 &/ 1 500 Da) 1)
R B B AR AR, A W L R AR A B A A AT
AR R HiL A2 3BE 7 X6F 7 9 9 B AL ) AR R 245 97 S5O ) 1 B
i, FK IH B Z % K 2 B0 25 PR R E MR AR AR
Ihfe 3R . BRI REHARR A 0 7 B R 11 R e
TR T X A B AR = W I TR, (B U 43 BT
B M MR Pk, N T RN T e 4
AT 52 1 7 = kR AN 25 90 T LR, 0 00 ST oK R
A AT A AR ) S L ThBEE B, oF AR T el
AH LB 2R DA R B A 0 G o] Ak BEAS AR I (P9 AR
WA KSR AN 250 B A EEV T TR, 6 AR
TR E ) RS JZ T AR A W 2 A A 2 I S R,
AR 5 A B A Y RN g 2 40 B 28 AR AR B AR F RO AR 2
PRI, 1h 25 2 B2 0 i A A R s e 55

i T B B RV AR = 5V 2 TR A B B IR
R, 0 E ERAEENLRE AR AR W . R EER B
SERACU Y — 2K B i R, 25 %
FAEAGIER R, AT RS 2 R EDR S MY, SR
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M, 3X AU 22 1) H, 5 AR P S G A M 23 A, e 42
e 0] IR ARG IR IR T T AL A4 AR B BT ) 2
KEBM LRk 2[R A7 2R bR id AL AT 2B 5
A FH BRI 2 A b, SO R R TR IX
AU BRI > SR, X B A ) A 4 2 T
THAAAE — € (1) Jm PR, 302 BATT SR e e i H S i
RN RE AT SE 1A R 0, AN e 58 42 7 o DR o B 24
W) 5| ) i 1 v R B AR Ak, S HL TSV R
AR AR = 7K AR o OB I ST R 1 —Fl
AL 2 A TR R A o 326 5 RS T ) SR R
S R T 4y BT ) R R, SR8 R vk T P R A AL 3R AR
B, EATTRE W 0 AN [F] AR P FE A R i 200 Fo A 4 3
AT KR a8 B A A R BE R R E v p . A
FIT I B2 [r) AU 2 27 A L, 3R BRI A 27 8 A7 38 PR 4T 1Y
77 2R VA B B A AR U A I B, A RE R IR
B 22 R R I Ji 2 A A, A 2 XS i T A A )
()1 Ao X i B A P I A A, JS BT DA
JECKE Ak A A W o T BRI ST AR R A 4 A 1 T
2, R AR R HE e e X RAR P i) R U . BE4h, 5
AL 1] A 20 2 B R B g AN, gt — B fR e AR
WA e B TR FE o

1970 4, BF FE 4R IE 1 — B g i 3 RN Vibrio
fischeri I TE% 5 5 R 6P G B IEAHE, I HIZE
TGRS A T A B (1) B AR B (quorum sensing, QS)
W RGN QS S 2 B e . B BA 85 Hp [ e
Y B 25 L RE TR R N A 5 70 1 JF R 42 A SG R DR 3 1)
20 i 8] 8 WL AR QS5 5 7 T WA O H KIS T 0
+, TEAH M P 7= A SR 5 B 2 B3 Bl b o3 A 7 R LA 5
rh, {5 2 BT R 5 A ELSS I, A 3 R ol 4 TR A R R
HEREARE Y. HT, 40 QS RN SRR
WA, i QS MR YT, U1 QS A5 T 7> 1 g [ fif
(REAAR VR 2K ) BRASE R TR A RS A1 1) 551, 0 DA 35 A0 2 (1
A W R 2R, T AN 23 7 AR 5 A G B DT VAR S
BT 52 U, A ) B A R B AR R T 2 AR AT O,
5T IR, QS 2 5 1 15 40 B A2 W IR TR 1, T 25 M
S AR PLdE i QS LA IR T AFAE . 2 Je
TP RS20 T L R A T QS B G K 411 ) 4 1 2R )
(19 7% F I FEAR 25 77 R 1 7= AR T2 5 0 2 Y TR
02 PR AR AGR J: [H ) R 1A F1 AGR J3 217 P2 (36 14,
T QS Z G0 = L HNHIAE FH, 34 e BH I B 0GB At 38 2
ZEWRE B Listeria monocytogenes "E W) I JE AN 2 )
Rl = AR, NBE AR T R AGR BE (R (1) Rk, @
ok 00 ) 24 i T 85 B 22 W 40 7 A SR AR i PR 4 178 b <6 7
(MRSA) 1 QS & 4t, MMl il MRSA L) Ji i 7
BRI AR R ) A A M BRI R IR T R T B

KB, TR R 2236 97 K A0 A 2 29 AR A
BEEEH KM= A 25V 28 e . RV 2 T 2RI
HHORE T B A T R (B R S QS 15 5 T1E
T, VIR R AT

IR, B A 20 5 500 1) 4540 B 2 A A0 R S8 4y
BT 75 SR B9 A W38 m, N %7 RE (artificial intelligence,
Al FEH SRR AR 7T MR A ALZ R 6]
H—NEEER G, R PAT I AN REENMES,
BT 5 2149 B RE E H BRI AR TR T RZUP BLER A
2] (machine learning, ML) #& Al K 3 % &, A& 528
AL —FhJ7 %, BE Rl =5 & (0 S0 5 21 R AIE 43 i F
fif e S A HLE R s, AR B SR A 2 5 mg,
BEor A MBS SR B 21 FE A AL A
TAEGAREH, &5 In 15 5 425 Bl 7 B i 17/,
TIE AR S R g i ARG 53k3h, 2™ &
SO JE SR T A A . BEFRARGE T — R T ML B4R
WH2H 22 A5 5 AE R BT U7, B KR T NME
AL HRRAR, POE AR A A X B A B ) A B R
T, X — D7 VRS I T s T) ik A A 22 SR 2H 2 1 B A
Ab B, ST AR 5 0 R A R R TR B A L o
FEAHERME . thsh, 15N KI5 R 7
AR B s, ML AT TR BTN AR AR
W JC BV PR 5 XU BV T il B R R 1) YR T, I8
AT DAAR 48 i 3 T 0 R R AT 0 B RO A 4y 2K,
HEF AR REIT!Y . MLIS e B i N2 iiE
PARERY QS5 M 48, AT A Bl T4 8 N 6 38 B A1
B AR BB, SRR AR (1 3L, A gk et e 0 AR PR
T BEATL AR A b 2 T FALRI ) 7M. ML IR R RN
Hedk TR AR SRR 5 B8R R I, i it
TREHERST R, A BT IRONAMA 2 R R SR TT AL
B IHDAS RN PR ST AR o

YE& Tamk: 25 BB 01 57 SCHR A B L 18 SIS AL 24l
ik AR A S SRR SO T ) R TS B B R H A
s A v i B SRR ] BRI

R FTAAE & 75 AR AEAER] 3 ph 5
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